Abstract-In this paper, the displacement discontinuity initiation conditions are deduced based on potential energy principle. The finite element discrete of weak form of governing equation is developed by combination of displacement discontinuity evolution conditions and discontinuity connection which material derivative describes.
I. DESCRIPTION OF THE PROBLEM
It is our aim to establish numerical analysis method that satisfy the formulas (1)~(3) and displacement discontinuity failure process of Initial boundary value condition, under the quasi-static loading condition(See Fig.1 ).The analysis process consists three main parts: discontinuous initiation and merisis, discontinuous connection and displacement discontinuity evolution. 
II. THE DISPLACEMENT DISCONTINUITY CONDITIONS
When quasi-static is loading, the internal displacement of the solid occurs. That is u u u u H  . The force on both sides of the discontinuity surface can be regarded as an external force.
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The Corresponding potential energy principle is:
In this formula,
, w is strain energy density.
0
  ,that is:
The left top three items of the formula (5) respectively correspond to equilibrium equation, stress boundary and stress coordination condition of the discontinuity surface. We are concerned about the six and fourth. They must conform to the strength condition: 
There is no limit to stress and strain matrix, so the above conditions may be elastic matrix and elastic plastic matrix .Beyond that, strain hardening and strain softening are also considered.
When the failure strength c  changes with u or u (especially the decrease), quasi-static equilibrium state is broken and the analysis domain appears unbalanced force. The result is that the static equilibrium state is changed into the dynamic equilibrium state. By 0  , taking into account the formula (5) and the change of motion state of analyzed object. At a certain moment t,
When the displacement / velocity of the displacement of the discontinuity surface are weakened, the analysis domain will appear the phenomenon that displacement discontinuity accelerates the destruction. However, when the displacement / velocity of the interface is strengthened, the damage evolution is not obvious, unless the loading continues to strengthen.
When analysis domain is analyzed as a whole, through the relationship (4), it can be rewritten as:
The last item of the formula (8) is the product of the force on one side of the displacement discontinuity interface and the slip distance of the other side. It shows the consumption of system energy. At the same time, this paper focuses on displacement discontinuity failure processes as the result of the failure strength c  changes with u .The formula can be concluded:
In the above formulas,  is the system function.
Taking into account the differences of the constitutive description of the different time stages and different locations in the analysis domain, and stress vector independent existence in weak form. Applying the formula Hamilton, the weak form 0
    of the governing equation at the moment of T is obtained. Specifically,
III. THE INITIATION AND EVOLUTION OF DISPLACEMENT DISCONTINUITY LINE
A. The Detection of the Initiation Condition
The failure of the material is due to the instability of the materialism, but not related to rate. (Legendre-Hadamard condition) However, the mechanism that from the instability of the material to the discontinuous displacement is not very clear, and there are a lot of controversies over the destruction of material instability [2~4].We start with the failure strength of the material directly. The condition that the material is not damaged must satisfy the inequality of the description form of the material point below:
In the formula, ( , ( )) c q   based on the stress of the damage condition. It may be the friction criterion or the tensile stress criterion. The failure mode is corresponding to the formula (6) .
On the basis of the description of the formula (10), for a given time and a material point in a solid. 
In the formula, e is called damage index. When a point indicator e is absolutely positive, the corresponding material point is in good condition. Note: Indicator in different coordinates Formula (11) is the indicator of the overall coordinate. The angle between the normal direction of the discontinuity surface and the whole coordinate is obtained. It is convenient that indicator uses local canonical coordinates, when the analysis of finite element numerical value in equal parameter style is used. By 
B. Discontinuous Evolution
Due to the displacement discontinuity is made of the material points that the index e lost positive, at the moment of t, discontinuous tip indices should meet: q -Internal variable.
B. Interface Model ( j S )
In the analysis of displacement discontinuity failure, interface is idealized as a geometric surface. With increase of loads material gradually deteriorates to form a strong deformation zone. It further develops into displacement discontinuity, which makes the stress of displacement discontinuity surface tend to infinity. The displacement and stress on displacement discontinuity surface are assumed to be the following form.
In the formula,
H u x t is a slop function which width is h. When h=0, slop function changes into step function, which manifest on displacement discontinuity. Magnified indefinitely the last item on the right of the formula (17) to obtain the formula (18).
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The fist two items on the right of the formula (17) are assumed to be elastic strains. And the last one is assumed to be plastic strain. Based on elastic relation, flow rule and plastic consistency condition factorize the formula (18) to obtain the following ones. The constitutive models of discontinuous interface are the formula (19a) and (20a) or the formula (19a) and (20b). The formula (19a) is always neglected in analysis because plastic strains are much greater than elastic ones when displacement discontinuity happens. According to the formula (20b) and the conditions of stress continuous, the explicit relationship between slip distance and failure stress of slip surface is set up.
In the formula, according to different stress failure criterion and corresponding relation of elements different representation of () F is obtained. ;
On the basis of displacement field ( , ) u 
A. Spatial Discretization Schemes
The formula (25) describes displacement potential function of the field containing displacement discontinuity. The weak form of the formula (9) is rewrote into 
